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Fet array for operation at different power levels 



(57) A FET package (18) including one or more 
FETs (10) includes an arrangement of three metalliza- 
tion layers (42. 38, 40) for the gate, drain, and source 
terminals ( 1 6. 36, 1 4) thereof. The layers includes a gate 
runner metallization layer (42) that allows the FETs to 
be arranged in parallel manner so as to reduce the over- 
all total on-stale resistance to an optimum value, while 



allowing the gate switching capacitance to be increased 
to an optimized value. The gate runner metallization lay- 
er is arrange(d to minimize the overlapping capacitance 
between the gate and source terminals and between the 
gate and drain terminals. Ad(jitional semiconductor de- 
vices may be incorporatecj into the FET Package using 
additional terminals interconnectecj through the metalli- 
zation layers, thus providing additional functions. 
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Description 

[0001] The field of the invention relates generally to 
field-effect transistors. 

[0002] Field-effect transistors (FETs), in particular 
metal-oxide-semiconductor field-effect transistors 
(MOSFETs), have become increasingly popular for use 
in various power switching applications due to their in- 
herent capability of switching at high frequencies (turn- 
on and off within 10 ns). Because ol this high switching 
capability, power circuits that employ FET devices have 
been increasingly directed toward operation at high fre- 
quency. The main motivation for high frequency (/) op- 
eration IS the reduction in size (proportional to 1//) of 
passive components, such as transformers and filter ca- 
pacitors, which can comprise a substantial proportion of 
volume of devices. Being able to switch a power semi- 
conductor (FET) at a higher frequency allows one to 
take advantage of 1/f scaling of magnetics (due to lower 
flux density) and fillers (since energy storage a CV^/). 
For ope ration up to 1 MHz . the FET's performance is sat- 
isfactory; however, as the frequency is increased to 
lOMHz and beyond several factors limit its switching 
efficiency and safe operating area (SOA). The most crit- 
ical limitation relates to the gate arrangement of FET ar- 
rays integrated onto a silicon wafer or die in electrical 
parallel fashion. For the majority of power FETs, the gate 
electrode is comprised of a polycryslalline silicon mate- 
rial that has an order of magnitude of higher resistivity 
than other metals, such as aluminum. The use of poly- 
crystalline silicon is primarily selected because of its su- 
perior properties, including its ability to withstand high 
temperature and its ability to achieve a well-controlled 
electrical interface with silicon oxide. 
[0003] Although the polycrystalline silicon has advan- 
tageous characteristics, the use of polycrystalline silicon 
for a gate electrode does suffer certain drawbacks which 
may be described with reference to Fig. 1 illustrating a 
prior art network 100 In Fig. 1, a plurality of polycrystal- 
line gate electrodes are illustrated by a plurality of poly- 
silicon resistor-MOS gate networks 102^, 1022. ^^23 ... 
102,^. As seen in Fig. 1, typically a gate signal 104 is 
distributed outward from a pad 106 centrally located 
within a die and by using an aluminum run, commonly 
referred to as a gate runner which has limitations for ef- 
fectively reducing gate resistance. As used herein, the 
pad is a conductive area of an integrated circuit specially 
designed and positioned for interconnection to other cir- 
cuit chips, with the pad being typically positioned around 
the periphery of the chip. The gate signal 104 propa- 
gates from the gate pad connection 106 and into the 
polysilicon resistor-fVIOS gate networks ^02^, 1022. 
1023 ... 102^ which act as delay lines. The delay en- 
countered may be envisioned by the examination of the 
expression 108 of Fig. 1 . 

[0004] Consequently, during turn-on, the FET transis- 
tor represented by the polysilicon resistor-MOS gate 
networks 102^ ... 102,si closest to the gate pad 106 will 
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tum on first, and the FET farthest away from the gate 
pad 106 will tum on last. This non-uniform tum-on has 
several disadvantages which increase as the operation- 
al frequency, f. increases, one of which is that the effec- 

s tlve average-on resistance will be less than the static 
on-resistance. Another disadvantage, which is of more 
concern, is over stressing FETs closest to the gate pad 
106 because they carry a larger share of the load current 
than those located further away from the gate pad 106. 

10 In addition, a similar situation occurs during turn-off 
when those FETs farthest away from the gate pad 106 
are the last to turn-off, again resulting in an uneven dis- 
tribution of current. For the arrangement of Fig. 1 , under 
surge conditions, failures of the FETs occur, and such 

IS failures are usually seen as occurring near the gate 
pads. 

[0005] To promote faster switching speeds. Intercon- 
nection from one FET of the array to another FET of the 
array needs to be accomplished with a minimum of ca- 

20 pacilive loading and a minimum of interconnect length, 
thus keeping the inductance of the interconnections low. 
Capacitive and inductance loading tend to slow down 
signal transmission such that high speeds cannot be 
maintained by FETs in communicating from each other. 

25 Although this is not a problem for the FETs in close prox- 
imlty, it is for the others. The arrangement of Fig. 1 suf- 
fers from these limitations. 

[0006] In addition, the gate resistance encountered 
when using a polycrystalline silicon gate electrode af- 

30 fects switching losses when a FET used for high power 
switching application is excited by a sinusoidal wave- 
form. For such excitation, the gate switching loss is pro- 
portional to the gate resistance of the power FET, as well 
as to other resistances in the gate drive circuits. In con- 

3S ventional gate drive circuits, the other resistances in- 
clude series interconnect resistances between driver 
devices and the main power FETs being driven by the 
driver. In order to switch at high frequencies, it is known 
to use sinusoidal (resonant) drive techniques so that the 

40 switching loss is proportional to the gate resistance in- 
stead of frequency. However, these techniques require 
the use of devices external to the FET chip which, in 
tum, adds to the inductance of the interconnection leads 
which, in tum, degrades the switching speed capability 

45 of the FET 

[0007] The'efficiency of an FET is effected by conduc- 
tion and switching contributors. In general, conduction 
losses are inversely related to the size (or resistance) 
of a power FET die, while gate switching losses are di- 

50 rectly related to the size (or gate capacitance). Thus, 
balancing the losses between conduction and switching 
becomes a difficult task. In particular, as the switching 
frequency is increased, the use of larger devices to re- 
duce conduction losses becomes counterproductive 

55 due to corresponding increases in switching losses that 
are proportional to the switching frequency. For any 
power circuit operating at a given switching frequency, 
there is an optimum FET size (resistance and capaci- 
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tance) that minimizes power losses. However, this opti- 
mum FET size is not always easily achieved in practice 
because economics prevent a vendor from offering 
more than a few off-the-shelf FET dies, each having a 
given breakdown voltage and power level which deter- s 
mine the FET die size. 

[0008] It is thus desirable that a FET and arrays there- 
of be provided that may be easily optimized for any given 
power level. It is further desirable to so optimize FETs 
and arrays thereof using the limited inventory of conven- 
tionally available FET dies. 

[0009] Manufacturers have recently addressed the 
problem of uneven gate signal distributions, described 
with reference to Fig. 1 , in various ways, e.g., by incor- 
porating an extra level of metallizatbn of gate runners, 
thereby reducing gate runner resistance. For relatively 
high voltage devices, a multiplicity of aluminum gate 
runners may typically be realized, but for relatively low 
voltage devices having limited topology, this multiplicity 
is not realizable. Although a reduction in gale runner re- 
sistance for relatively high voltage devices has advan- 
tageous effects, the extra level of metallization adds a 
burden to ihe device fabrication process. 
[0010] In addition, additional circuits, such as current 
mirrors, have been incorporated into device packages 
to protect devices from lower switching speeds, but this 
added circuitry represents a costly increase. 
[0011] High density interconnect (HDI) structures for 
integrated circuit packaging, as more fully described, for 
example, in U.S. Patents 4,783.6g5 and 5,384.691. 

overcome some disadvantages of device element 
interconnections. HDI packaging utilizes metallization 
layers that provide excellent electrical conductivity for 
the interconnection of individual chips and. thus, sub- 
stantially reduce the unwanted self-inductance and ca- 
pacitive loading drawbacks caused by using leads to 
provide interchip and intrachip connections. It is desira- 
ble to utilize the HDI techniques to free the off-the-shelf 
FET devices of their switching speed and performance 
limitations. 

[0012] It is thus desirable to provide a FET array em- 
ploying high density interconnect (HDI ) techniques to re- 
duce the effective resistance of polycrystalline silicon 
gate electrodes and to reduce the capacitive and induct- 
ance loading effects of interconnections, which limit the 
switching capabilities of the FET array, while at the same 
time providing a FET array free of the limitation of the 
degraded circuit performance due to the limited availa- 
bility of various types of off-the-shelf FETs. 
[0013] The present invention Is directed to an ar- 
rangement of three or more metallization layers for the 
source, drain and gate terminals of one or more off-the- 
shelf field-effect transistors (FETs) to form a package 
that compensates for the high resistance of its polycrys- 
talline silicon gate electrodes and provides a high-level 
of circuit perfomnance having an optimum balance be- 
tween conduction (resistance) and switching (capaci- 
tance) losses. 



[0014] The (FET) package comprises one or more 
FETs. each having gate, source and drain terminals, the 
gate terminals having a predetermined resistance, the 
FET package also having a predetermined "overlap" ca- 
pacitance between the gate and source terminals. The 
FET package comprises first, second and third layers of 
metallization. The first layer of metallization comprises 
a substrate on which each of the one or more FETs is 
affixed. The first layer Is electrically interconnected to 
the drain terminal of each of the one or more FETs. The 
second layer of metallization Is arranged in parallel with 
the first layer and configured to reduce the overlap ca- 
pacitance between the gate and source terminals. The 
second layer Is electrically interconnected to the source 
terminal of each of the FETs by means of a plurality of 
via openings. The third layer of metallization comprises 
a gate runner and is electrically interconnected to the 
gate terminal of each of the FETs and configured to re- 
duce the gate resistance of the one or more FETs. 
[0015] Additional semiconductor devices may be in- 
corporated into the FET package using additional termi- 
nals interconnected through the metallization layers, 
thus providing additional features such as, for example, 
gate driver devices, over-temperature monitors, and 
current mirror devices. 

[0016] The features of the invention believed to be 
novel are set forth with particularity In the appended 
claims. The invention itself, however, both as to organ- 
ization and method of operation thereof, together with 
further objects and advantages thereof, may be best un- 
derstood with reference to the following description tak- 
en in conjunction with the accompanying drawings in 
which like characters represent like parts throughout the 
drawings, and in which: 

Fig. 1 Is a circuit diagram Illustrating a conventional 
field-effect transistor employing a polycrystalline 
gate electrode represented by polysilicon resistor- 
MOS gate networks; 

Fig. 2 illustrates a field-effect transistor according 
to one embodiment of the present Invention; 
Fig. 3 is a view taken along line 3-3 of Fig. 2 Illus- 
trating the cross-section of the FET of Fig. 1 ; 
Fig. 4 illustrates a preferred embodiment of a" FET 
array of the present invention; 
Fig. 5 illustrates another preferred embodiment of 
a FET array of the present inventk>n; 
Fig. 6 illustrates another preferred embodiment of 
a FET device of the present Invention; 
Fig. 7 illustrates performance curves related to the 
operation of the present invention; and 
Fig. 8 is composed of Figs. 8(a). 8(b). 8(c) and 8(d) 
all showing schematics of devices that may bo in- 
tegrated into the FET arrays of the present inven- 
tion. 

[0017] Fig. 2 illustrates a field-effect transistor (FET) 
10 array block according to a preferred embodiment of 
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the present invention, preferably a metal -oxide-semi- 
conductor field-effect transistor (MOSFET) and particu- 
larly suited for power applications, such as those de- 
scribed in U.S. Patent 5,384.691. issued January 24, 
1 995 FET block 1 0 comprises one or more FETs which 
may beol conventional, off-the-shelf-type. FET block 10 
)s labncalcd using high density interconnect (HDI) tech- 
niques as described in U.S. Patent 4.783,695 issued 
November B 1988 The FET 10 has drain, source and 
gale terminals 12. 14 and 16, respectively, which may 
also be rolcrrcd to herein as drain, source and gate elec- 
trodes, respectively or, alternatively, as drain, source 
and gate pads respectively. A plurality of FETs 10 may 
be arranged as to be described, into a multi-device 
package that nns throe terminals for external connec- 
tions a gate control a power source, and a drain. These 
three terminals can be surlacc nnount posts or wire bond 
pads or other suitriD o torminals 

[0018] In one cmbodimoit the FET array block of Fig. 
1 IS a standrikxie rnulticMip module hav«ng top-side con- 
nections foi the OiriV) {yt\v ntiU t>ouicc With the con- 
tacts all on one 5»dc frtthor Ih^in both top and bottom, 
one-sidc packaging techniques may be advantageously 
used 

[0019] Fig 3 iliustr.ilcG a multi device high density in- 
terconnect (HDI) p«^ck,^go le comprising two or more 
FETs 10 which Icr t^o purpose o* illustration, are power 
FETs Fig 3 ill jst'Htos «i ccramc substrate 20'on which 
IS aflixod a coppni fv»d 22 whirh serves as a heat 
spreader Ench o- fho FF Ts 10 is convenlional in nature 
and comprises h scbs:rate dram layer 24 having a 
motalli/ cd surtHCC serving as the drain terminal 1 2 (Fig. 
2) which IS sokJered to the copper pad 22. Overlaying 
each dram layer 24 is a N epitaxy layer 26 which has 
Its mddic region occup-od by a P- t>ase layer 28 which, 
in tum contains a N» Uyc 30 A polycrystalline silicon 
gate layer 32 overlays as shown in Fig. 3, portions of 
layers 23 and 30 and a N* diflusod layer 34 overlays, 
as shown in Fig 3 portons ol layers 30 and 32. The 
gate metal layer 16 previously referred to as gate ter- 
minal 16 overlaps as snown n Fig. 3. portions of layers 
32 and 34. and a source nctal layer 14, previously re- 
ferred. to as source terminal M overlays, as shown In 
Fig 3. portions ol layers 26 X and 34. 
[0020] The dram icrmiral 12 in one embodiment, 
may be located on the bottom of the FET iO: that is, the 
metallized surface cl the dra^n layer 24 is soldered to 
Ihe copper pad 22 wtiicti inturn inleiconnecls all of the 
drain teimlnals of the FETs> together Foi such bottom 
drain terminals, an electrical feed-through member, to 
be discussed with rolercncc to element 48 of Fig. 4, is 
provided to electrically connect the drain terminals to ex- 
ternal devices. In another embodiment, the drain termi- 
nal 12 may be located on the top of the FET 10 (as 
shown in Fig. 2) by moans of a copper post separated 
from the FET 10 indicated by reference number 36 In 
Fig 3. which is soldered to the copper pad 22 and ex- 
tends upward to the top surface of at least one of the 



FETs 10. 

[0021] Fig. 3 further illustrates first, second and third 
metallization layers 38, 40 and 42 for interconnecting 
the drain, source and gate terminals, 12, 14 and 16, re- 

5 spectively. The first and second layers 38 and 40. re- 
spectively, are preferably comprised of copper and have 
a typical thickness of 0,5 mils, whereas the third layer 
42 is preferably comprised of copper and has a typical 
thickness in the range from about 0.5 to 1 .0 mils. The 

10 first and second metallization layers 38 and 40 are ar- 
ranged Into two planes parallel to each other so as to 
reduce the overall parasitic inductance of the multi-de- 
vice package 18. It should be noted that for bottom-side 
drain terminals, there is no need for the copper post 36; 

IS and the copper pad 22. which has a typical thickness of 
5 mils, serves the same purpose as first metallization 
layer 38. 

[0022] As further seen in Fig. 3. the layers 38. 40 and 
42 are separated from each other by a polyimlde dielec- 
20 trie layer 44 having a typical thickness of 1 mil and com- 
prised of a resin based polymer composite which may 
be Kapton® which is available from E.I. DuPont de Ne- 
mours & Co. 

[0023] Each of the layers 38. 40 and 42 is connected 

2S to the drain, source and gate terminals 12, 14, and 16, 
respectively, by way of one or more vias 46 formed in 
the associated dielectric layer 44, Alternatively, the re- 
spective dielectric layers 44 may be ablated to expose 
the drain (copper post 36). source and gate terminals 

30 12. 14, and 16, respectively, and provide appropriate 
connections thereto. For the embodiment of Fig. 3, layer 
38 has a two-step via 46 arrangement: layer 40 has a 
single via 46 arrangement, and layer 42 has a three-step 
via 46 arrangement which, for the sake of clarity, is only 

35 shown for the right-most FET 10 of Fig. 3. The arrange- 
ment of vias 46 may be selected so that layers 38, 40 
and 42 may have any elevation with respect to each oth- 
er. The multi-device, high density interconnect package 
18 is further described with reference to Fig. 4. 

40 [0024] Fig. 4 Illustrates an arrangement of sixteen 
(16) power FETs 10. Fig. 4. for the sake of clarity, only 
completely illustrates the third metallization layer 42 as- 
sociated with gate terminal 16 and not the first and sec- 
ond metallization layers 38 and 40 (shown in Fig. 3), re- 

45 spectively. of the drain 12 and source 14 terminals, re- 
spectively However, Fig. 4 illustrates contact pads 48 
and 50 both comprised of an electrically conductive ma- 
terial and associated with drain and source terminals 12 
and 14, respectively. 

so [0025] The contact pad 48 was previously referred to 
with reference to Fig. 3 as a feed-through member 48 
and is electrically connected by appropriate means, 
such as soldering or direct copper bonding, to copper 
pad 22 whrch, as previously described with reference to 

ss Fig. 3, has electrically connected thereto each of the 
drain terminals of each of the FETs 10 comprising the 
multi-device package 18. The contact pad 48 provides 
a one-place electrical connection of the drain terminals 
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12 to external devices. For such an arrangement for 
contact pad 48, there is no need for the copper posts 
36, shown in Fig. 4. 

[0026] The contact pad 50 is electrically connected to 
the source terminals of each of the FETs 1 0 by way of s 
the second metallization layer 40 (shown in Fig. 3) and 
the vias 46 shown in Fig. 4, but more completely illus- 
trated in Fig. 3. The contact pad 50 provides a one-place 
electrical connection of the source terminals 14 to exte- 
rnal devices. 

[0027] The third metallization layer 42 advantageous- 
ly provides a single continuous layer arranging all of the 
gate terminals 16 of all of the FETs 10 in parallel with 
each other. In addition, the third metallization layer 42 
is arranged relative to the first (drain) and second 
(source) metallization layers, 36 and 40, respectively, 
so as to minimize overlap therebetween which, in tum, 
minimizes the overlap capacitance between both the 
gate (layer 42) and drain (layer 38) terminals, 16 and 
12. respechvely, and the overlap capacitance between 
the gate (layer 42) and source (layer 40) terminals, 16 
and 14 respectively, which, in tum. minimizes the re- 
duced switching speeds of the FETs 10. 
[0028] Fig 5 illustrates an FET array 52 which is sim- 
ilar lo the FET array 18 of Fig. 4 with the addition of a 
gate driver nolwork 54 integrated into, i.e., made a part 
of the array 52 and located at the central region thereof. 
The gate driver network 54 is centrally located so as to 
tako rtdvrintago of the symmetrical layout provided by a 
sigrvil distribution arrangement 56 having an X-shaped 
central portion with the ends thereof electrically con- 
nected lo the gale terminals 14 of the four FETs com- 
prising the gate driver network 54. Fig. 5 further illus- 
trates a motalii/ation region 59 which interconnects the 
source terminals of ine FETs 10 by way of vias 60 of the 
gale drive network 54 and. if desired, may be part of the 
second mc:alh/ation layer 40. shown in Fig. 3, which, in 
turn IS connected to the contact pad 50. If the gate driver 
nolwork 4S is to remain separate from the metallization 
layer 40 then a contact pad (not shown) for the source 
terminals as weli as a contact pad for the drain termi- 
nals of the FETs 10 of the gate driver network 48 needs 
lo be provicod in a nnanncr as described for contact pads 
50 and 48 of Fig 3 The FETs 10 of Figs. 4 and 5. as 
well as those of F igs 2 and 3. have a single gate contact 
so as to yield one effective gate resistance. The effective 
gate resistance may be further reduced by using a FET 
having foui gate contact pads, as described with refer- 
ence to Fig 6 

[0029] Fig 6 illustrates a FET 62 having four gate ter- 
minals 16A, 16B, 16C. 16D located in the four comers 
of the periphery of FET 62 and interconnected by the 
third metallization layer 42. The FET 62 further compris- 
es a contact pad array 64 electrically connected to the 
second layer 40 which may be used to replace the 
source contact pad 50 of Figs. 4 and 5. HDI structures 
are advantageously employed to provide second and 
third level interconnect structures such as those Illus- 



trated in Fig. 6. 

[0030] In operation, and with reference to Fig. 4, the 
FET array 18 has the same breakdown voltage and/or 
power level of the individual FETs 10 mounted thereon. 
Actually the breakdown voltage is determined by the 
FETID having the lowest breakdown voltage. The terms 
"breakdown voltage" and "power level" may be used 
herein in an interchangeable manner lo describe the 
power switching parameters of the FETs 10 described 
herein. The total on-state resistance of the FET array 
18 is the parallel combination of the on-state resistance 
of the individual FETs 10. Therefore, if sixteen individual 
FETs are used, as shown in Fig. 4, the total resistance 
of the FET array 1 8 is sixteen times lower than one FET 
10, as are conduction losses, of the individual FETs 10. 
And, the gate switching capacitance of the array 18 is 
also sixteen times higher than that of the individual FET 
10. However, for a given application, the number of FETs 
10 can be selected to provide an optimum balance be- 
tween conduction (resistance) and switching (capaci- 
tance) losses. Further, this selectable number increases 
the yield of FETs 10 because it eliminates the need for 
fabricating one FET 10 having the desired conduction 
and switching losses. The selection of the number of 
FETs 10 that yields the desired conduction and switch- 
ing losses associated with the gate resistance of the 
FETs 1 0 may be further described with reference to Fig. 
7. 

[0031] Fig. 7 illustrates a family 66 of plots represent- 
ative of the total FET power distribution as a function of 
FET area. The family 66 is comprised of plots 68. 70. 
and 72. wherein plots 68 and 70 represent the opera- 
tional responses of off-the-shelf FET types 1 RF1 50 and 
1 RF230, respectively and wherein plot 72 represents 
the capacitance of a particular FET having a switching 
capability that exceeds 1 MHz. Fig. 7 has an X axis rep- 
resentative of chip size (mils) of the FET and two Y axes, 
with the first Y axis representative of resistance loss 
(watts) and with the second Y axis representative of ca- 
pacitive loss (p/). 

[0032] As seen in Fig. 7, minimum power loss is a 
strong function of the FET size, and this minimum power 
toss depends upon voltage rating, switching frequency, 
and power level. The parameters illustrated in Fig. 7 
may be selected in a manner so that the FET 10 or the 
FET arrays 1 8 and 52 provide an optimum arrangement 
with regard to on-resistance and switching capacitance. 
More particularly, the FET 10 may be selected lo have 
a chip size of 50 mils (gradient of X axis of Fig. 7) and 
then the number of FET's 10 may be selected to corre- 
spond to any desired operational region with respect to 
plots 68, 70 and 72. 

[0033] One advantage of the selection of the number 
of FETs that detemnine the FET array is the ability to 
build large devices, not only large FET arrays, but also 
large MOS-gated arrays such as those comprised of IG- 
BTs that operate at relatively low switching frequencies 
(10 KHz - 150 KHz) when compared to the FET 10 as 
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described hereinabove having switching speeds of from 
ICQ KHz to less than 10 MHz. Such selectable arrays 
provide an advantage because conduction losses tend 
to dominate for these switching frequencies. Further, the 
practice of the present invention is equally applicable to 
MOS-FET power devices whose utilization, for exam- 
ple, Is more fully described in U.S. Patent 5,384,691. 
[0034] Other devices (I.e., other than FETs of gate 
driver network 54) may be incorporated into the arrays 
of the present invention to provide even better perform- 
ance and/or more features. It should be noted that the 
added devices are integrated into the FET arrays of the 
present invention without additional leads, I.e., thereby 
avoiding disadvantageous capacittve and inductance 
loading effects, but rather are integrated by the metalli- 
zation layers previously described having a minimum of 
capacitlve loading and a minimum of interconnect 
length. For these other devices, exemplary building 
blocks may include over-temperature monitors, electro- 
static discharge (BSD) damage protection, and current 
mirror devices. The other devices may be such as those 
generally Illustrated In Fig. 8. 

[0035] Fig. 8 is composed of Figs. 8(a), 8(b), 8(c). and 
8(d). that respectively illustrate (a) a gate turn-off con- 
figuration 74; (b) parallel FETs 76; (c) a current mirror 
78; and (d) a gate driver configuration 80. Fig. 8(a) illus- 
trates FETs Q1 and Q2, with Q2 being arranged as a 
gate tum-off FET which acts as a low resistance path to 
gate current during turn-off. The low impedance path Is 
important when Q2 is tumed on. Fig. 8(b) illustrates the 
parallel arrangement provided by two FETs Q1 and Q2 
arranged as shown therein. 

[0036] Fig. 8(c) illustrates a current mirror arrange- 
ment with the FET Q2 acting as a current mirror FET 
The current mirror FET Q2 has an isolated or independ- 
ent source contact which provides, for example, a rep- 
resentative sample of the total current flowing in the ar- 
rangement of Fig. 8(c). This sample can be used as part 
of a control loop. 

[0037] Fig. 8(d) shows a gate driver configuration 
wherein FET Q2 acts as a gate driver FET that may fomn 
part of the FET array 46 of Fig. 5. 
[0038] In addition to all of the illustrated FET arrange- 
ments, the FET arrays of Figs. 4 and 5 may each be 
treated as a self-contained device placed on a heat 
spreading substrate, such as that provided by the cop- 
per pad 22. In Its simplest fomn. FET 10 of Figs. 2 and 
3 is a three terminal device (gale, source and drain) 
wherein all three terminals could be arranged on the 
same plane using a series of vias to bring all contacts 
to the same surface in a manner generally illustrated in 
Fig. 3. This has particular importance if the copper pad 
22 has a thickness of about 40 mils, for example. 
[0039] The present invention advantageously pro- 
vides for one or more FETs arranged in an array wherein 
the gate, source and drain terminals of all of the FETs 
are provided with electrical interconnections by a three 
layer metallization arrangement. The FET arrays may 



be selected so as to provide for the desired on-resist- 
ance and switching capacitance to serve the needs of 
a selectable power level. 

[0040] The present invention also provides several 
s production advantages. First, only one-size FET needs 
to be produced, and the number of these FETs may be 
selected to provide a desired operational response for 
a particular power level. Second, the use of a building 
block (one-size FET) to provide a larger die increases 
10 the yield. 



Claims 

IS 1. A field-effect transistor (FET) package comprising 
one or more FETs. each FET having gate, source, 
and drain terminals, each gate terminal having a re- 
sistance, the drain and source terminals of each 
FET having an overlapping capacitance relative to 

20 ihe gale terminal, Ihe FET package comprising: 

a first layer of metallization on which each of 
the one or more FETs is affixed, the first layer 
being electrically interconnected to the drain 

25 terminal of each of the one or more FETs; 

a second layer of metallization arranged in par- 
allel with the first layer, the second layer being 
electrically interconnected to the source termi- 
nal of each of the one or more FETs; and 

30 a third layer of metallization comprising a gate 

runner and being electrically interconnected to 
the gate terminal of each of the one or more 
FETs, the gate runner being configured to min- 
imize the effective resistance of the gate termi- 

55 nals and to minimize the overiapping capaci- 

tance between the drain and gate terminals and 
between the source and gate terminals. 

2. The field-effect transistor (FET) package according 
40 to claim 1 wherein each of the one or more FETs 

has a drain temninal on the bottom thereof and 
wherein the first layer of metallization comprises a 
. bottom layer of metallization in electrical contact 
with each of the bottom drain temninals. 

45 

3. The field-effect transistor (FET) package according 
to claim 2, further comprising at least one post ex- 
lending from the botlom layer and an upper metal- 
lization layer connected to the at least one post. 

so 

4. The field-effect transistor (FET) package according 
to claim 1 , further comprising a resin based polymer 
composite film interposed between the first, second 
and third metallization layers. 

55 

5. The field-effect transistor (FET) package according 
to claim 1 wherein each FET has more than one 
gate terminal and the gate runner is in electrical 
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contact with each of the gate terminals of each FET 

6. The fleld-eflect transistor (FET) package according 
to claim 1 wherein the first, second and third metal- 
lization layers comprise copper. 5 

7. The field-effect transistor (FET) package according 
to claim 1 wherein the first layer is below the second 
layer, and the second layer is below the third layer. 

10 

8. The field-effect transistor (FET) package according 
to claim 7, further comprising additional terminals 
for connection to additional semiconductor devices. 

9. The FET package according to claim 1, further com- 
prising a top side and a bottom side, wherein the 
gate, drain and source terminals are situated on the 
top side thereof. 

10. The FET package according lo claim 1 wherein the 20 
interconnections between the FETs and the metal- 
lization layers comprise HDI interconnections. 

11. The FET package according to claim 1 wherein the 
number of FETs is determined to optimize conduc- 2S 
tion and switching kisses. 

12. The FET package according to claim 1 wherein the 
additional semiconductor devices comprise a gate 
driver network. 30 
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